We would like to thank Mr Sholapurkar for his interest in our review. The author passionately supports the head compression hypothesis, and the central importance of the timing of intrapartum decelerations. The author's main conclusions rely on three primary points: (i) head compressions consistently trigger decelerations that are representative of natural intrapartum decelerations, (ii) head compressions are benign, (iii) hypoxaemia always induces decelerations with late recoveries. There is little evidence to support these claims, or the other potential mechanisms of intrapartum decelerations such as the baroreflex or Bezold-Jarisch reflex. In contrast, extensive evidence supports that the vast majority of decelerations are mediated by the peripheral chemoreflex (Lear et al. 2016b ). We will address the major points and then some minor points of confusion.
Does fetal head compression consistently trigger a deceleration? Chung and Hon (1959) found that only 19/29 vaginal examinations resulted in a deceleration. While 18/19 applications of pessaries led to a deceleration, these lasted only 10 s despite continuing pressure (Chung & Hon, 1959) . This is wholly inconsistent with the majority of intrapartum decelerations lasting 30-60 s. Mendez-Bauer and colleagues (1963) only studied three human fetuses. Two showed head compression-related decelerations, but one had tight nuchal cord that the authors concluded was likely to have been compressed during transabdominal head compression (Mendez-Bauer et al. 1963) . These small case studies illustrate that head compression can cause brief decelerations, but the effects on fetal heart rate (FHR) were too brief and variable to be consistent with the majority of intrapartum decelerations.
Is head compression benign?
When head compression-related decelerations do occur, the evidence strongly suggests that they are related to cerebral hypoperfusion (Lear et al. 2016b) . No evidence exists for a role of 'brain ligament' stretching or similar mechanisms. Indeed, the pioneers of FHR monitoring did not suggest that head compression is benign (Mendez-Bauer et al. 1963; Paul et al. 1964; Althabe et al. 1969; Schwarcz et al. 1969) . It is worth remembering their thoughts:
'Since the bones of the fetal skull are not fused, it is natural to assume that compression on the fetal head will produce cranial hypertension . . . In a living fetus, increased intracranial pressure may result in reduced blood flow through the brain. The resulting hypoxia and hypercapnia of the central nervous system would stimulate the vagus centre and contribute to dips I. The complete disappearance of dips I after fetal atropinization is in accord with the hypothesis postulating that increased vagal tone is the mechanism involved in their pathogenesis. A transient cerebral ischemia can also explain the changes observed in the fetal electroencephalogram (slow waves of high voltage) occurring during the peaks of strong uterine contractions that also produce dips I . . . It is logical to assume that a repetition of successive episodes of cerebral ischemia and also the deformation of the brain may lead to permanent damage of the central nervous system of the fetus' .
These concepts are supported by three separate fetal sheep experiments, employing different methodologies, which reported a 40-50% reduction in carotid blood flow showing that during complete umbilical cord occlusion, fetal heart rate falls to a nadir and then partially recovers during a brief umbilical cord occlusion. Thus, resolution of fetal asphyxia is indicated by the return to baseline fetal heart rate, not the start of the increase from nadir. One-minute complete umbilical cord occlusions were repeated after 1.5 min of reperfusion. The arrows indicate the start of each umbilical cord occlusion. Grey shading indicates each occlusion.
during head compression (Paul et al. 1964; Mann, 1969; Wallenburg et al. 1984) . EEG suppression developed in two of these studies, consistent with cerebral ischaemia (Paul et al. 1964; Mann, 1969) . Only one study reported consistent decelerations (Paul et al. 1964) ; the others reported decelerations in 37% of compressions (Mann, 1969) or 'in a few cases' (Wallenburg et al. 1984) . The balance of clinical and experimental evidence supports that head compression is, at most, an infrequent contributor to decelerations and when it occurs, it is not benign. The concept that head compression is benign likely arose by falsely attributing the common finding that shallow 'early' decelerations are well tolerated to them being mediated by head compression. Shallow intrapartum decelerations reflect a mild reduction in fetal oxygenation, and are therefore well tolerated by the healthy fetus (Lear et al. 2016b ), albeit the reader should appreciate that shallow decelerations before birth or during early labour may reflect impaired placental function (Lear et al. 2016b) . Given the lack of empirical evidence that head compression is benign, it is pointless to distinguish them from other decelerations.
Does hypoxaemia always result in a deceleration with a late recovery?
Mr Sholapurkar proposes an oversimplified thought experiment to conclude that Letter J Physiol 595.17 hypoxaemia always results in 'late decelerations' , despite a lack of empirical evidence. Pragmatically, this concept is inconsistent with human evidence from Mendez-Bauer and colleagues (1978) that umbilical cord compression could trigger short duration 'early' decelerations with rapid recoveries. The authors highlighted the dangers of assuming all 'early' decelerations were benign (Mendez-Bauer et al. 1978) .
Furthermore, it is well established that although the descent of decelerations is closely related to hypoxaemia (Lear et al. 2016b) , this cannot be directly applied to the recovery of decelerations. Firstly, the healthy fetus frequently shows partial recovery of FHR after the initial rapid fall despite continuing profound asphyxia, as shown in Fig. 1 (Westgate et al. 1999; Galinsky et al. 2016; Lear et al. 2016a ). This is due to hypoxaemia-mediated release of catecholamines and β-adrenergic stimulation (Galinsky et al. 2016) . The resolution of asphyxia is shown by return of FHR to baseline, not an increase from nadir.
Next, parasympathetic activity becomes inhibited during longer, deep decelerations (Galinsky et al. 2016) . Decelerations lasting longer than approximately 1 minute are therefore no longer under parasympathetic/peripheral chemoreflex control. The assumption that recovery of FHR always directly mirrors fetal oxygenation in the manner suggested by the schematics is therefore flawed. Consistent with this analysis, 'deceleration area' calculated from the depth (i.e. to nadir) and duration of decelerations (i.e. until recovery to baseline, not from nadir) is by far the most robust measure of the cumulative severity of asphyxia (Cahill et al. 2012) .
The timing of decelerations is a red herring
Mr Sholapurkar suggests the timing of recovery from decelerations is critical to separate the minority of hypoxaemiarelated 'late decelerations' from the majority of benign 'non-hypoxaemic' decelerations. This conclusion is no longer reasonable given that:
(i) There is no empirical evidence that any decelerations (including head compression-related decelerations) reflect benign events.
(ii) Repetitive variable decelerations are associated with neonatal acidaemia (Cahill et al. 2012) and therefore must be associated with hypoxaemia. (iii) The timing of decelerations does not improve identification of neonatal acidaemia (Cahill et al. 2012) . (iv) Measures of total deceleration area are the best predictors of neonatal acidaemia (Cahill et al. 2012; Martí Gamboa et al. 2016; Georgieva et al. 2017 ); this could not be true if the majority of decelerations were related to 'non-hypoxaemic vagal' reflexes.
The author's proposal is therefore potentially dangerous. All modern evidence suggests that the timing of decelerations is a distraction that only causes confusion.
Minor points of confusion
The strict definition of asphyxia is impaired gaseous exchange causing hypoxaemia and accumulation of waste products including carbon dioxide and lactate (Bax & Nelson, 1993) . The author suggests that umbilical cord compression occurs with increased intra-amniotic pressure with intact membranes. However, increased intra-amniotic pressure is accompanied by a symmetrical increase in umbilical intravascular pressure, and so there is no net 'compressive' force on the umbilical vessels during contractions. Umbilical cord occlusion only occurs secondary to cord entanglement or compression between the fetus and uterus. The suggestion that twins supposedly show discordant intrapartum FHR patterns is reminiscent of a single case report from Hon (1958) ; but there is no systematic evidence of this. For uterine contractions to have identical effects on the oxygenation of twins, contractions would need to have spatially uniform effects on uteroplacental perfusion (of both placentae in dichorionic twins), with identical prelabour placental function and oxygen supply. These assumptions are improbable.
Conclusion
It is no reflection on the pioneers of FHR monitoring that our understanding of the fetal peripheral chemoreflex was incomplete until decades later (Blanco et al. 1984; Giussani et al. 1993) . Their conclusions from human fetal studies seem to have been forgotten, including the following: 'all prompt fetal bradycardia secondary to cord compression may not be a baroreceptor type of reflex phenomenon, and the role of other vagal stimuli notably fetal hypoxia requires further study ' (Lee & Hon, 1963 
